Managing weather and climate risks to agriculture in North America, Central America and the Caribbean  by Shannon, Harlan D. & Motha, Raymond P.
Weather and Climate Extremes 10 (2015) 50–56Contents lists available at ScienceDirectWeather and Climate Extremeshttp://dx.doi.org/10.101
2212-0947/Published by
n Corresponding auth
E-mail addresses: hs
rmotha@gmu.edu (R.P.journal homepage: www.elsevier.com/locate/waceManaging weather and climate risks to agriculture in North America,
Central America and the CaribbeanHarlan D. Shannon a,n, Raymond P. Motha b,c
a USDA/OCE/WAOB, 1400 Independence Avenue, SW, Room 4441 South Building, Washington, DC 20250-3812, USA
b USDA/OCE/WAOB, Washington, DC 20250-3812, USA
c George Mason University, Environmental Science and Technology Center, 4400 University Drive, Fairfax, VA 22030, USAa r t i c l e i n f o
Article history:
Received 9 September 2015
Received in revised form
23 October 2015
Accepted 25 October 2015
Available online 27 October 2015
Keywords:
Extreme weather
Climate change and variability
Risk management
Agriculture6/j.wace.2015.10.006
Elsevier B.V. This is an open
or. Fax: þ1 202 690 1805.
hannon@oce.usda.gov (H.D. S
Motha).a b s t r a c t
In recent decades, numerous weather- and climate-related natural disasters have impacted North
America, Central America, and the Caribbean, repeatedly demonstrating how vulnerable local agriculture
is to extreme episodic events. Given this recent history, and expectations that the frequency and intensity
of some episodic events will increase with climate change, it is becoming increasingly important for
farmers to proactively manage weather and climate risks to agriculture to protect their livelihoods. Some
farmers in this region already apply various strategies to help reduce weather and climate risks and
uncertainties, including farming in multiple locations, diversifying crops and varieties, seeking alter-
native sources of income, and purchasing crop insurance. Such efforts often help farmers maintain a
more stable income while also protecting and preserving the productivity of the land. Other farmers,
however, have failed to implement basic risk management strategies despite the clear beneﬁts. Reasons
for these failures can be attributed to inadequate farmer education and training, a lack of tools to help
facilitate the practical application of risk management concepts, and poor communications between the
agrometeorological and farming communities. The agrometeorological community can help overcome
these obstacles by building upon existing efforts that have successfully educated farmers about weather
and climate risks to agriculture and have equipped farmers with the data, tools, and applications ne-
cessary to manage these risks. Farmer input is critical to preparing effective educational and training
materials and developing user-friendly risk management tools. The agrometeorological community
should solicit input from farmers regularly to ensure that farmers are obtaining the information ne-
cessary to effectively manage weather and climate risks to agriculture.
Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
A diverse array of pressures regularly inﬂuence local agri-
cultural production, including government policies, current eco-
nomic markets, the availability of farm supplies, and weather and
climate variability. Because of the uncertainties associated with
each of these factors, farming is inherently a risky business. In-
deed, an examination of crop production for any given commodity
or location typically reveals signiﬁcant inter-annual variability. For
example, between 2005 and 2009 approximately 90 percent more
cotton was produced in Texas when comparing the most produc-
tive and least productive growing seasons (USDA National Agri-
cultural Statistics Service, 2015). Similar comparisons for other
crops, locations, and time periods around the globe would likelyaccess article under the CC BY-NC
hannon),reveal similar results. Many of the factors that inﬂuence local
agricultural production are beyond the control of individual
farmers. Nevertheless, there are steps farmers can take to manage
the risks and uncertainties associated with these external pres-
sures to agriculture (Sivakumar and Motha, 2007).
This paper focuses on the weather and climate aspects of risk
and uncertainty in North America, Central America, and the Car-
ibbean. The next section provides an overview of the weather and
climate risks to agriculture in the region and identiﬁes the ex-
treme episodic events that most often threaten agriculture. Ex-
amples of these extreme episodic events are documented, quan-
tifying impacts on local agriculture. A discussion of current man-
agement and coping strategies then follows, describing how in-
dividual farmers manage weather and climate risks in the region.
The risk management strategies of Florida citrus farmers are
highlighted, providing one example of how farmers have suc-
cessfully managed weather and climate extremes in the wake of
previous damaging events. Despite the recent success of Florida
citrus farmers and others in the region, more steps need to be-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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mate risks and uncertainties. Some steps that can be taken are
provided below. Finally, the Southeast Climate Consortium (SECC)
has used several approaches to help the local farming community
manage weather and climate risks to agriculture in the south-
eastern United States. SECC activities are presented, summarizing
the consortium's success in educating, equipping, and interacting
with the farming community.2. Weather and climate risks to agriculture
The weather and climate varies signiﬁcantly throughout North
America, Central America, and the Caribbean, with mid-latitude
cyclones, mesoscale convective systems, and seasonal incursions
of hot and cold air dominating northern growing areas and a
combination of mid-latitude storms, tropical disturbances, and
generally mild to hot air governing southern agricultural areas.
Local variables such as latitude, elevation, and proximity to water
also have a signiﬁcant inﬂuence on the weather and climate at
individual locations. Given the broad spatial extent and widely
varying terrain in the region, farmers are exposed to a diverse
range of weather and climate phenomena, many of which often
take the form of extreme episodic events. Such anomalies include
droughts, ﬂoods, hurricanes, heat waves, freezes, severe con-
vective storms, blizzards, and wildﬁres. Recent examples of ex-
treme weather and climate events and the impacts on agriculture
follow.
2.1. Droughts
Although the weather and climate varies signiﬁcantly within
the major agricultural areas in the region, drought is one constant
that almost all farming communities must cope with. One of the
most severe, widespread, and prolonged droughts of the 20th
century impacted Canada and the United States during much of
the 1930s, causing extensive crop losses and a mass migration of
farmers out of the drought-plagued Great Plains (Hurt, 1981). Most
droughts in the region are not as persistent or as expansive as the
Dust Bowl era drought of the 1930s. Nevertheless, drought is a
regular occurrence and many droughts have been severe, having
substantial social and economic impacts on local, regional, and
sometimes national spatial scales. As recent as 1988 and 2012,
severe droughts slashed corn, soybean, and other crop production
across large portions of the central United States. In 7 of the 10
years between 2000 and 2009, drought caused on average more
than 4.7 billion USD in agricultural losses annually across portions
of the United States (NOAA National Centers for Environmental
Information, 2014). Signiﬁcantly, only a fraction of the major
agricultural areas experienced drought in consecutive years, but a
majority of the U.S. agricultural areas experienced drought at some
time during this 10 year period. In the summer of 2001, drought
severely reduced cereal and vegetable production in Guatemala,
Honduras, El Salvador, Nicaragua, and portions of other Central
American countries (FAO Global Information and Early Warning
System, 2001). As a result of the crop shortages, an estimated
1.6 million people required emergency food aid from regional
governments, national and international relief organizations, and
the World Food Programme. More recently, in late 2009 and early
2010, a signiﬁcant drought impacted several Caribbean nations
(Farrell et al., 2010). Record to near-record dryness throughout the
Caribbean caused reductions in fresh water supplies and crop
production, increasing food prices and reducing exports, and thus
negatively impacting local economies.2.2. Floods
On the opposite end of the spectrum, many farming commu-
nities in the region are vulnerable to ﬂooding, as evidenced by
numerous occurrences of severe local ﬂooding in recent decades.
During the spring and summer of 1993, record ﬂooding in the
central United States caused approximately 21 billion USD in da-
mage and 48 deaths (NOAA National Centers for Environmental
Information, 2014). The ﬂooding completely inundated 77 towns,
caused extensive damage to infrastructure, halted barge trafﬁc
along the Mississippi and Missouri rivers for roughly 2 months,
and led to more than 5 billion USD in crop losses (Lott, 1994). In
October and November 2007, heavy rain in southern Mexico
caused widespread ﬂooding in Tabasco, inundating approximately
80 percent of the state (NOAA National Climatic Data Center,
2007c). Nearly half a million people were displaced by the ﬂooding
and approximately 462 million USD in crops and livestock were
lost. Earlier in October 2007, heavy rains in Central America trig-
gered widespread ﬂooding in El Salvador, Honduras, Nicaragua,
Costa Rica, and Panama (NOAA National Climatic Data Center,
2007b). The ﬂooding reportedly destroyed local crops and live-
stock and caused several fatalities. In May 2004, heavy showers
and thunderstorms in Haiti and the Dominican Republic resulted
in extensive ﬂooding, causing more than 1400 fatalities and leav-
ing in excess of 25,000 families in need of emergency assistance
(NASA Earth Observatory, 2004). In Haiti, between 50 and 70
percent of the agricultural production was destroyed in ﬁve ﬂood-
affected villages (USAID, 2004).
2.3. Hurricanes
Each summer and autumn, tropical storms and hurricanes of-
ten form in the warmer waters of the Atlantic Ocean, Paciﬁc Ocean,
Caribbean Sea, and Gulf of Mexico. Given their proximity to these
bodies of water, much of the Caribbean, Central America, and
southern and eastern portions of North America are vulnerable to
these tropical systems. The impacts from these storms are not
limited to coastal areas. Often the remnants of these tropical
systems travel well inland, sometimes causing extensive damage
in areas well removed from coastlines. A number of hurricanes
have caused incredible damage to local agriculture in the region. In
October 1998, Hurricane Mitch devastated portions of Central
America, causing tremendous ﬂooding and numerous mudslides.
At least 11,000 deaths and approximately 5 billion USD in damage
were attributed to Mitch (NOAA National Climatic Data Center,
2009). Local agriculture was severely damaged by the hurricane.
Reports indicated that at least 80 percent of the Honduras banana
crop, 80 percent of the El Salvador corn crop, and 30 percent of the
Nicaragua coffee crop was destroyed by Mitch. In August 2005,
Hurricane Katrina brought high winds and a massive storm surge
to the Gulf Coast of the United States, claiming more than 1800
lives and causing more than 125 billion USD in damage (NOAA
National Centers for Environmental Information, 2014). Although
much of the corn, rice, and soybeans in hurricane-affected states
had been harvested prior to landfall, millions of chickens were
killed, approximately 3 million USD in milk was lost due to elec-
trical outages, and many barns, equipment buildings, fences, and
machines were destroyed by the storm (USDA, 2005). Additionally,
blocked waterways and damaged ports, bridges, and roadways
signiﬁcantly disrupted the transport of agricultural goods
throughout hurricane-affected areas and beyond. In August 2007,
an intensifying Hurricane Dean caused considerable damage as it
passed near several Caribbean Islands before making landfall on
Mexico's Yucatan Peninsula. Dean reportedly destroyed 90 percent
of the banana production in Dominica and 95 percent of the pa-
paya crop in Belize (Reliefweb, 2007b). In Jamaica, the storm
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sector, with approximately 75 percent of the vegetable crops de-
stroyed and all banana production lost in some parts of the
country (Reliefweb, 2007a,c). Finally, in 2008, Tropical Storm Fay,
Hurricane Gustav, and Hurricane Ike all made landfall in Cuba
between mid-August and early-September. The three storms
combined to cause extensive damage across the island nation.
High winds from the hurricanes lodged sugarcane, knocked ma-
turing fruit off trees, uprooted many citrus trees, and damaged
homes, greenhouses, and storage facilities (Messina et al., 2008).
Flooding also damaged immature and already harvested crops,
including sugar and rice, and damaged or destroyed processing
and storage facilities and local transportation networks.
2.4. Extreme heat
Hot weather is a regular occurrence in Central America and the
Caribbean, and thus farming in these regions is geared toward
raising crops and livestock which can tolerate the heat. Despite
these adaptations, extreme heat does occur periodically, stressing
crops and livestock and therefore reducing agricultural production.
During 2003 and 2004, a year-long drought in central and eastern
Cuba was accompanied by near-record heat, which caused sig-
niﬁcant reductions in forage and water (FAO Global Information
and Early Warning System, 2004). The extreme heat and dryness
reduced sugarcane production and was blamed for the loss of
36,000 head of cattle. Elsewhere in the region, extreme heat can
pose a signiﬁcant threat to agriculture in North America. During
the summer of 2007, periods of very hot weather in northern
Mexico, the United States, and Canada contributed to losses in
agricultural production. On the Canadian Prairies, very hot
weather in July reduced crop yields, with canola and peas the
hardest hit crops (Environment Canada, 2009). In the United
States, a severe heat wave in August damaged crops and caused
signiﬁcant reductions in pasture and rangeland conditions, nega-
tively impacting livestock (NOAA National Climatic Data Center,
2007a).
2.5. Freezes
In contrast to extreme heat, which can impact agriculture
throughout much of the region, damaging freezes are primarily
conﬁned to North America. In Canada, freezes are a threat to many
crops, both at the beginning and the end of the growing season.
For example, in late June 1998, a frost in the eastern Prairies and
Ontario forced many farmers to replant crops (Environment Ca-
nada, 2011a). More recently, in August 2004, a killing freeze in
Saskatchewan and Manitoba prematurely ended the growing
season, signiﬁcantly reducing spring grain production and quality
(Environment Canada, 2011b). In the continental United States,
sub-freezing weather periodically threatens major citrus areas
rimming southern portions of the country. In January 2007, a da-
maging freeze reduced California orange production 20 percent
(USDA National Agricultural Statistics Service, 2007). In the 1980s,
damaging freezes in multiple years signiﬁcantly reduced Florida
citrus production and reshaped the location of major growing
areas in subsequent years (Miller, 1991). In April 2007, an un-
precedented freeze impacted the central and southern Plains, the
South, and the Midwest. Following an unseasonably warm March,
several consecutive nights of sub-freezing weather caused more
than 2 billion USD in damage to wheat, corn, peaches, apples,
pecans, and other crops (NOAA/USDA, 2008). Although freezes are
not as common throughout Mexico, cold weather can impact
agriculture there as well. During the winter of 1996/1997, a freeze
in Sinaloa, Mexico caused vegetable plants to drop blooms, redu-
cing crop production (Lucier and Love, 1997).2.6. Severe convective storms, blizzards, and wildﬁres
Other episodic events also affect agriculture in North America,
Central America, and the Caribbean, however, the localized nature
of some events and the infrequent occurrence of others limits the
overall threat to agriculture throughout the entire region. Severe
convective storms can produce high winds, large hail, and occa-
sional tornadoes, completely devastating local farms, but the da-
mage associated with these events tends to be highly localized
because of the relatively small size of these storms. Blizzards can
affect much larger areas, but these intense winter storms are
conﬁned to northernmost growing areas in the region. Such
storms often have little if any negative impact on dormant winter
grains. Indeed, blizzards can beneﬁt farmers by providing a blan-
ket of snow to protect dormant crops from potential winterkill.
The bitter cold, strong winds, and blowing and drifting snow can
stress and kill livestock, however, requiring farmers to take pro-
tective actions. Finally, wildﬁres are also a threat to farms and
ranches throughout the region, especially in those areas that are
experiencing drought, have distinct wet and dry seasons, or are
prone to dry thunderstorms.
2.7. Climate change and variability
Arguably the two greatest risks that farmers face in the region
are climate change and climate variability. The Intergovernmental
Panel on Climate Change (IPCC) deﬁnes climate variability as var-
iations in the mean state of the climate on all spatial and temporal
scales beyond that of individual weather events (IPCC, 2007). Basic
research and operational monitoring have shown that various
modes of the El Nino Southern Oscillation, Arctic Oscillation,
Tropical Multi-Decadal Signal, and other regularly recurring at-
mospheric and oceanic patterns are dominant contributors to
climate variability within the region (e.g., Gershunov and Barnett,
1998). Signiﬁcantly, many of the extreme episodic events noted
above are intimately linked to different modes of climate varia-
bility. Given the impact climate variability regularly has on agri-
cultural activities, it is logical to conclude that more permanent
changes in the climate are likely to impact agriculture as well.
Thus, climate change and climate variability pose a dual risk to
farmers by governing how favorable the weather is for agricultural
activities over prolonged periods of time and by increasing or
decreasing the likelihood that various extreme episodic events
may occur during these intervals. An examination of the weather
and climate patterns that affected the region during 2009 and
2010 underscores the impact that climate change and variability
can have on agriculture.
Since the middle of 2009, signiﬁcant climate anomalies had
both positive and negative impacts on agriculture in the region.
Following roughly three years of widespread drought in the
southwestern United States, repeated soaking rains associated
with El Nino brought much-needed drought relief during the
winter but also triggered mudslides on hills recently stripped of
vegetation by recent wildﬁres (NOAA National Climatic Data
Center, 2010a,b). Heavy rains also fell across central Mexico and
Haiti in February 2010, but the rains came during the normally dry
season and caused fatal ﬂooding (NOAA National Climatic Data
Center, 2010b). Over portions of the central, southern, and eastern
United States, the El Nino-related ﬂow of moisture off the Paciﬁc
Ocean frequently interacted with polar air driven southward by
the Arctic Oscillation, causing powerful mid-latitude cyclones to
form. The associated precipitation helped boost moisture supplies
in advance of the 2010 growing season, but also led to locally se-
vere weather including historic blizzards and rare tornadoes in
California and the Bahamas (NOAA National Climatic Data Center,
2010a,b,c). The anomalously cold weather associated with the
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tening major citrus and vegetable areas on multiple occasions
during the winter (NOAA National Climatic Data Center, 2010a,b).
Since 1995, the Tropical Multi-Decadal Signal has favored active
hurricane seasons in the North Atlantic Ocean. Indeed, 10 of the 15
hurricane seasons since 1995 have been classiﬁed as above-normal
(Bell et al., 2010). During the 2009 hurricane season, however, El
Nino counteracted the tropical multi-decadal signal, hampering
tropical cyclone development. The reduced tropical cyclone ac-
tivity beneﬁted hurricane recovery efforts in those areas battered
by recent storms, but the same atmospheric and oceanic patterns
that reduced the threat of hurricanes also contributed to the for-
mation of drought across portions of Central America and the
Caribbean, as is typical in El Nino years (Ropelewski and Halpert,
1987).
Given the well-established impacts that weather and climate
have on agricultural production, it is beneﬁcial for farmers to
implement strategies that maximize farm output while minimiz-
ing their exposure to the risks and uncertainties associated with
weather and climate variability. Although risk reduction strategies
may reduce the maximum potential farm output in any one year,
such strategies often help boost output in years when the weather
and climate is more unfavorable for agricultural production. Thus,
risk reduction strategies often help farmers maintain a more stable
income while also encouraging farmers to engage in more sus-
tainable agricultural practices.3. Current management and coping strategies
Farmers in North America, Central America, and the Caribbean
implement a variety of strategies to manage weather and climate
risks to agriculture. Such strategies include choosing suitable lo-
cations to farm, varying planting dates, diversifying crops and
varieties, seeking alternative sources of income, maintaining an
emergency fund, storing harvested crops on site, and choosing
sustainable farming techniques (Harwood et al., 1999, Hess et al.,
2002). The decision to apply one or more of these strategies is
often in the hands of individual farmers. Thus, these strategies are
most effective when farmers are well educated in basic risk
management concepts and have access to the data and tools re-
quired to apply these principles. Signiﬁcantly, this information not
only empowers farmers to make sound risk management deci-
sions, but also enables them to retain management control of their
agricultural activities throughout the process.
Another strategy that some farmers pursue is to transfer a
portion of the risk to outside organizations. Contracting and in-
surance are two forms of external assistance that farmers often use
to reduce their vulnerability to extreme weather and climate
events (USDA Risk Management Agency, 1997). Production con-
tracts can guarantee prices and markets for commodities, but such
contracts often require farmers to follow prescribed production
processes, thereby relinquishing at least some control of their
farms to external entities. Crop yield insurance can help offset
potential ﬁnancial losses when yields fall short of insured levels,
while crop production insurance can help offset potential losses
when gross farm revenue is less than minimally acceptable. In-
surance typically requires farmers to pay premiums, however,
which thereby reduces potential farm proﬁts. The availability and
effectiveness of external assistance varies throughout the region.
Contracting and insurance instruments appear to be most pre-
valent in the developed countries. In the developing and least
developed nations, there are limited opportunities to transfer this
risk from farmers to external entities. For example, in the Car-
ibbean agricultural insurance for individual farmers is almost non-
existent (Carballo and Reis, 2013). In many of these countries,disaster assistance remains the primary mechanism for helping
farmers cope with extreme weather and climate events. Given that
farmers in the developing and least developed nations are most
vulnerable to extreme weather and climate events, and the
availability of external assistance is limited in these countries, it is
important that farmers in these regions are equipped with the
knowledge, data, and tools necessary to manage risk themselves.
Following is a discussion of how Florida citrus farmers manage
weather and climate risks to agriculture. Their strategies reveal a
blueprint for success that many farmers could potentially beneﬁt
from, regardless of where they farm or what commodities they
tend.
During the 1980s, seven cold air outbreaks devastated the
Florida citrus industry, resulting in an estimated 4.7 billion USD in
lost revenue associated with frozen concentrated orange juice and
an estimated 2.4 billion USD in losses from fruit bearing trees that
had been killed by the freezes (Attaway, 1997). The short-term
impact of these freezes was unprecedented economic hardship for
Florida citrus growers, but the long-term impact was arguably
overall beneﬁcial because it caused these farmers to reevaluate
their exposure to weather and climate risks and uncertainties.
Since then, Florida citrus growers have taken a number of steps to
reduce their exposure to extreme cold air outbreaks. Some grow-
ers chose to abandon citrus farming altogether to avoid future risk.
Most farmers adapted to the risk, however, by making various
locational adjustments. For instance, many farmers moved their
orchards farther south into areas that have historically been less
prone to damaging freezes. Some farmers made elevational ad-
justments, moving their orchards out of areas where cold air tends
to pool. Other farmers decided to grow citrus in multiple locations
to help diversify among more and less risky areas to farm. Citrus
growers have also diversiﬁed in other ways. For example, many
farmers have chosen to grow a variety of citrus, such as earlier-
maturing Hamlin oranges and later-maturing Valencia oranges.
The Valencia oranges are higher valued but are also more sus-
ceptible to freezes because they are harvested at later dates. Thus,
by growing both Valencia and lower-valued Hamlin oranges,
which are typically harvested before freezes threaten citrus crops,
farmers are able to maintain a more stable source of income, albeit
somewhat less lucrative. Finally, some farmers have chosen to
pursue additional sources of income to ensure ﬁnancial stability
when the citrus crop is less productive. Such sources of income
include off-farm employment and investments that are outside
the agricultural sector and are not impacted by the same weather
and climate variables that can affect citrus production.
Although the above case study focuses on farmer strategies for
managing weather and climate risks in a small portion of the re-
gion, the underlying principles governing Florida citrus grower
decisions are widely applicable to farmers elsewhere in the region.
Given that the majority of farmers worldwide can beneﬁt them-
selves by practicing these basic risk management strategies, the
agrometeorological community should make it a priority to pro-
mote these strategies to the farming community, especially in
those areas where farmers have little or no opportunity to transfer
risk to external entities. Those areas that need the most attention
are the poorer and lesser developed regions of the world.4. Improving farmer capabilities to manage risk and
uncertainty
Several steps can be taken to improve farmer capabilities to
manage weather and climate risks and uncertainties. One key step
is to expand farmer knowledge of weather and climate impacts on
agriculture and to educate them about the beneﬁts of practicing
basic risk management strategies. Such outreach can beneﬁt all
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individuals it is both worthwhile and possible to manage weather
and climate risks on their own farms. Simultaneously, the agro-
meteorological community must equip farmers with the data,
tools, and applications necessary to help them implement these
strategies. This support is required to keep farmers engaged in the
risk management process and to help individual farmers make the
best decisions. Finally, it is important that the agrometeorological
community invest in the thoughts of the farming community by
soliciting their feedback. Farmer input is essential to improving
educational material and customer services, as well as in steering
the direction of future research and application development.
4.1. Educating the farming community
Most farmers are aware that weather and climate impact
agriculture, but few farmers fully understand the myriad re-
lationships that link weather, climate, and agriculture. As a result,
most farmers could beneﬁt from additional training on the un-
derlying science that governs weather and climate impacts on
agriculture, and use this new knowledge in combination with the
appropriate agrometeorological tools to improve agricultural
productivity and sustainability. The need to educate farmers about
weather and climate impacts on agriculture is even more urgent
given the devastating impacts that recent weather disasters have
had on agriculture locally and predictions of increasing weather
and climate variability. If these forecasts verify, annual agricultural
production is likely to become increasingly variable in some por-
tions of the world, especially in the least developed countries and
in those agricultural areas where the land is marginally produc-
tive. It is therefore important that farmers are taught how to in-
corporate weather and climate information into their decision
making process to improve annual farm productivity and to ensure
long-term agricultural sustainability. Such knowledge forms the
backbone of managing weather and climate risks to agriculture.
The concept of risk management can be difﬁcult to compre-
hend, especially for individuals who are not familiar with the
terminology often used by experts in the ﬁeld. Thus, one of the
ﬁrst steps to improving farmer capabilities to manage weather and
climate risks to agriculture is to educate them about basic risk
management principles. A variety of educational material is al-
ready available on this topic. Numerous educational institutions,
extension organizations, government agencies, and private com-
panies offer courses, guides, tutorials, and brochures on this sub-
ject. Despite all these resources, only a fraction of this information
focuses speciﬁcally on weather and climate risks to agriculture.
Thus, new and improved educational materials are needed to help
farmers better understand the risks and uncertainties associated
with an increasingly more volatile weather and climate. One of the
keys to successfully transferring this knowledge from the agro-
meteorological community to the farming community is catering
to the intended audience. For example, the agrometeorological
community should omit the use of unnecessary jargon and use
real world examples in their educational materials to demonstrate
how various strategies can be applied to reduce weather and cli-
mate threats to agriculture. This approach would help improve
farmer comprehension of risk management strategies and increase
the likelihood that such strategies would be adopted operationally.
4.2. Equipping the farming community
Educating farmers how to manage weather and climate risks to
agriculture is an important step toward reducing their exposure to
weather and climate extremes. This knowledge has little value,
however, if farmers are not equipped with the data, tools, and
applications necessary to apply risk management strategies ontheir farms. Locating and identifying these weather and climate
resources can sometimes be difﬁcult. The World Agrometeor-
ological Information Service (http://www.wamis.org/) has helped
address this issue by directing farmers toward these valuable
sources of information (Stefanski and Sivakumar, 2006). Never-
theless, more work must be done to identify and raise the visibility
of existing agrometeorological products and services and to im-
prove farmer access to these resources. The National Meteor-
ological and Hydrological Services, Ministries of Agriculture, and
other groups can support this endeavor by more aggressively ad-
vertising available products and services and by streamlining
farmer access to these data, tools, and applications. These objec-
tives can be accomplished partially by developing Internet con-
tent, hosting conferences and workshops, distributing brochures
and electronic media, communicating via media outlets, and
conducting training seminars in the ﬁeld. These organizations can
also help the farming community by ensuring that their products
and services provide the most recent information to farmers when
they need it, and that these products and services are consistently
available.
Although many farmers in the region have access to weather
and climate information, most of these products and services are
not agrometeorological speciﬁc. For example, several countries
provide weather forecasts to the agricultural community, but few
forecasts detail the expected impacts on agriculture. Similarly,
hourly surface weather observations are available in most areas,
but ﬁeldwork recommendations rarely accompany these ob-
servations. The agricultural and meteorological communities
should combine their knowledge and resources to develop addi-
tional agrometeorological products and services. Such efforts
would add value to the meteorological and climatological in-
formation already provided to the agricultural community, and
should therefore improve farmer capabilities to manage weather
and climate risks. One of the keys to developing effective agro-
meteorological products and services is ensuring that farmers can
understand and apply these new resources. It is essential that the
agrometeorological community work toward communicating this
information in user-friendly formats, taking into consideration
farmer education and training, as well as their speciﬁc information
and data requirements.
4.3. Investing in the farming community
As stewards of the land, farmers around the world serve as the
cornerstone to sustaining global agricultural production. Their
decisions often have a signiﬁcant impact on farm output, and thus
it is important that farmers are provided with the knowledge and
tools necessary to manage their operations effectively. Given their
role as land managers, farmers are among the best positioned
individuals to educate others on what products and services can
help them maximize agricultural production. Inexplicably, how-
ever, farmer input is often overlooked when new agrometeor-
ological products and services are developed for the farming
community.
The agrometeorological community should solicit input from
the farming community to ensure that their products and services
satisfy user needs. Such input could help focus initial product and
service development, guide efforts to improve existing products
and services, and help foment ideas for new products and services.
For example, user input could help the agrometeorological com-
munity develop better documentation describing product con-
cepts and proper usage, provide services that are more timely and
user-friendly, more quickly identify areas where improvements are
necessary, and ultimately determine if the products and services
are helping farmers make the best decisions possible given the
information available. Thus, by investing in the thoughts of the
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the gap between product and service providers and users, in-
creasing the likelihood that these resources will be used effectively
to manage weather and climate risks to agriculture.5. Success story – Southeast Climate Consortium
The Southeast Climate Consortium (SECC) studies climate im-
pacts on agriculture and other ecosystems and develops partner-
ships and solutions for managing climate risks in the southeastern
United States (Field, 2010). The SECC is comprised of experts in
climatology, agriculture, hydrology, meteorology, and economics
from eight universities in the region (Southeast Climate Con-
sortium, 2015). Member institutions include Auburn University,
Clemson University, Florida State University, North Carolina State
University, University of Alabama – Huntsville, University of Flor-
ida, University of Georgia, and the University of Miami. The results
of these interdisciplinary collaborations have been very successful,
demonstrating how the agrometeorological community can help
improve farmer capabilities to manage weather and climate risks
and uncertainties on local and regional scales.
One of the more signiﬁcant accomplishments of the SECC has
been the development of AgroClimate (http://agroclimate.org/),
the consortium's Internet-based learning and decision support
system (AgroClimate, 2015). AgroClimate provides a wealth of in-
formation to educate farmers about climate risks to crops and li-
vestock and offers numerous tools to help farmers effectively
manage these risks. Some of the instructional materials available
through Agroclimate include text, tables, maps, charts, and links to
external resources that describe the difference between weather
and climate, climate change, seasonal climate variations associated
with El Nino and La Nina, recommended management practices
for crops and livestock based on seasonal climate variability, and
information on the types of crop insurance available to growers.
Signiﬁcantly, AgroClimate communicates these complex concepts
in a user-friendly format, improving farmer comprehension of
climate impacts on agriculture. This user-friendly environment
extends to the AgroClimate operational products as well. For ex-
ample, SECC experts prepare easy to understand climate forecasts,
agricultural outlooks, and monthly climate summaries for the
farming community. Additionally, AgroClimate offers a number of
interactive decision support tools, including applications to help
producers assess freeze probabilities based on the phase of ENSO,
time fungicide applications for strawberries, examine accumulated
and predicted growing degree days for various climate patterns,
and estimate the yield potential of various crops based on location,
planting date, soil type, and climate scenario.
SECC activities extend beyond the AgroClimate web site. SECC
experts work closely with farmers and extension agents, en-
couraging dialog between the agrometeorological and farming
communities. These working relationships have helped the agro-
meteorological community transfer knowledge and technology
into the ﬁeld and have enabled SECC scientists to incorporate
farmer input into all stages of their research and development
(Breuer et al., 2009). SECC experts have also published numerous
papers, participated in many conferences, and hosted various
workshops, sharing their knowledge and experiences with others
in the scientiﬁc and farming communities. Given the success that
the SECC has had in educating, equipping, and interacting with the
farming community, the SECC model provides a suitable template
other organizations should consider adopting to help the farming
community reduce weather and climate risks to agriculture.6. Summary
A review of recent weather- and climate-related natural dis-
asters in North America, Central America, and the Caribbean illu-
minates farming community vulnerabilities to extreme episodic
events. Numerous droughts, ﬂoods, hurricanes, freezes, and other
forms of severe weather have devastated local agriculture within
the region. Although threats vary among places, no portion of the
area is immune to potential extreme weather. As a result, the need
to manage weather and climate risks to agriculture extends
throughout the entire region. A number of farmers already apply
various risk management strategies. Nevertheless, a few steps can
be taken to improve current strategies and to expand their use
throughout the region. Some steps include educating farmers
about weather and climate impacts on agriculture and the beneﬁts
of practicing basic risk management strategies, equipping farmers
with the data, tools, and applications necessary to help them im-
plement these strategies, and regularly soliciting farmer input to
assess and improve the effectiveness of agrometeorological pro-
ducts and services. Each of these steps can help improve farmer
capabilities to manage weather and climate risks, but the level of
success may ultimately be determined by how well the agrome-
teorological community communicates with farmers. For example,
when weather and climate science, risk management principles,
and decision support mechanisms are presented without con-
sideration for audience education, experience, or capabilities, this
information can be prohibitively difﬁcult to understand and apply.
Thus, it is important that the agrometeorological community use
simple, very easy to understand methods to convey these concepts
and solutions to farmers. Scenario analyses can help demonstrate
the beneﬁts of applying basic risk management strategies. Tem-
plates can be used to convey general concepts and solutions, but
can also be customized to show local farmers how to manage their
speciﬁc weather and climate risks.References
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